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New Monitoring Method Using Flow Cytometry for Evaluating Immunosuppression in Transplant 
Patients with Multiple Combination Therapy 
Hiroshi Asano, Nobuji Ogawa, Isamu Koyama (Division of Gastroenterological and General Surgery, Department 
of Surgery, Saitama Medical School, Moroyama, Iruma -gun, Saitama 350 -0495, Japan )
The combination therapy of carcinurin inhibitor (CNI), and inhibitor of nucleic acid production, has been widely 
utilized in clinical kidney transplantation. Mycophenolate mofetil (MMF) has a strong immunosuppressive effect 
as compared with azathioprine. As a result, over immunosuppression is often experienced under the combination 
therapy of MMF and CNI. It is very difficult to adjust each immunosuppressive drug without knowing how much 
the immunosuppression and how much each drug affects the immunosuppression.  The method of monitoring 
the immunosuppression has not yet become available for transplant patients under the combination therapy. We 
investigated the usefulness of flow cytometry of the lymphocyte stimulation test under the immunosuppressive 
drug in vitro. The peripheral blood from four healthy volunteers was separated by density gradient centrifugation. 
After lymphocytes were dyed with 5(and 6) - carboxy fluorescein diacetate succinimidyl ester(CFSE), cells were 
cultured with Staphylococcus enterotoxin B (SEB) for 4 days under the Mycophenolic acid (MPA) and/or 
Cyclosporine (CsA) in various concentrations. After cultured, Division Index (DI) was measured by FACS, and 
Stimulation Index (SI) was calculated using DI. From a series of multiple concentrations of MPA or CsA, SI 25, 50 
and 75 of MPA groups were 54, 18 and 6 ng/ml, and SI 25, 50 and 75 of CsA groups were 250, 100 and 30 ng/ml. 
We defined the medium concentration of each drug as MPA 30 ng/ml and CsA 100 ng/ml, then 1/5 of these results 
as low concentration and concentration 5 times as high (setting up MPA: 6, 30 and 150 ng/ml, and CsA: 20, 100 and 
500 ng/ml). The mean S.I. of MPA group was 71.27±11.55 at 6 ng/ml, 23.63±13.44 at 30 ng/ml and 4.87±1.33 at 
150 ng/ml. The mean S.I. of CsA group were 78.02±9.05 at 20 ng/ml, 44.14±4.89 at 100 ng/ml and 16.51±5.17 
at 500 ng/ml. At the combination of low doses of CsA and MPA, S.I. was 61.03±8.03. The addition of a medium 
dose of MPA to the low dose of CsA decreased S.I. to 12.23±0.75, which is almost the same result of the high dose 
of CsA group. These results have us conclude that the dose of CsA could be decreased when the medium dose of 
MMF is combined with CsA treatment. In addition, patterns of the histogram in Flow cytometry found that there 
were differences between CsA and MPA, leading to a better understanding as to which drug contributed to the 
over - immunosuppression. 
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に蛍光色素であるCFSE （5（and 6）- carboxy fluorescein 
diacetate succinimidyl ester）を用いた FACS法 9 -11)に
よるリンパ球培養試験は細胞分裂パターンを判定する
ことができるため，MMFのプロドラッグであるマイ














シュ社 Cell Quest software）により T cellが 80～ 90%
含まれていることを確認した．分離細胞を各検体ごと
に 5 nM CFSE （Molecular Probes, Eugene 社） 5 ul/1
×106の濃度で 5分間恒温槽で染色した後に 24 wellの
培養皿に 1 well当たり 2×106個の細胞を RPMI -1640
（ライフテックオリエンタル社），ヒト AB型アルブ
ミン（SIGMA社）300 ul，リンパ球刺激剤および免疫
抑制剤を加え計 2 mlに設定した．37℃，5％ CO2，湿度
95％条件下にて 4日間細胞培養した．リンパ球刺激
剤としては T細胞受容体（T cell receptor: TCR）を選
択的に刺激する Stapylococcus enterotoxin B （SEB）













Fig. 1. Formula of division index (DI),stimulation index 
(SI) and histogram of cell division and statistics. The upper 
histogram shows non -  stimulated phase. High intensity 
means non -cell division. These are resting cells. The middle 
histogram shows stimulated phase. The CFSE intensity is 
divided and decreased by cell division, then the population 
moves to the left side. The bottom char t indicates the 
numerical value of the histogram. The “%Gated” row indicates 
the percentage of the numbers of cells which are contained 
in M1~M8. M1 represents the percentage of T cell blasts 
that have not divided, and M2 -8 represents those within 








する2)．文献上ではMPAの T cellに対する 50％抑制濃






すなわちMPAの低濃度は 6 ng/ml，高濃度は 150 ng/
mlである．
CsA群：CsAの臨床的トラフ値が 100 ng/mlである










1）MPAおよび CsAの各濃度における DIの測定と SI
の計測                     　　
　両薬剤の単剤による濃度別 DIを測定し，グラフ化
した（Fig. 2）．SEB単独刺激時の DIの平均は 7.2で
あった．このグラフよりMPAおよび CsA単剤抑制時
の SI 25・SI 50・SI 75を計測したところ，MPAでは 54・
















化（Fig. 4）したところ，CsA単独投与では 20 ng/ml







を示す（Fig. 5）．低濃度のMPA 6 ng/ml と中等濃度
の CsA 100 ng/mlの組み合わせでは SIは 40.25であ
るが同じMPA 6 ng/mlに高濃度の CsA 500 ng/mlを
組み合わせると細胞分裂の回数は変化せず細胞数が
減少し SIは 19.26に低下する．一方，低濃度の CsA 





Fig. 2. Division index on multiple concentration of MPA and CsA. These graphs are 
drawn after multiple concentration cultures on single dose MPA and CsA. SI 25, 50 and 75 



















Table. Stimulation index on combination culture of MPA and CsA
Fig. 3. Histogram of cell division with single dose of CsA or MPA. These histograms express the 
characters for each drug very well. The upper histograms shows low dose CsA and MPA, and they 
are almost the same division pattern. The middle histograms shows medium dose CsA and MPA. 
These patterns are different. In the case of CsA, the number of cell division does not influence, but the 
number of cells decreased. In the case of MPA, the number of cell division decreased, then DI also 
decreased. The lower rows are high dose of CsA and MPA. In the case of CsA, the number of cells 
decreased, and in the case of MPA, the number of cell division decreased more.
These were result of an individual dose of MPA and CsA. Stimulation index decreased on a dose 
dependent on MPA and also CsA. Especially on CsA 100 ng/ml, there was a remarkable change from 6 































T cellのみとするために，リンパ球刺激薬剤は T cell
の表面受容体を選択的に刺激する SEB12-14)を投与し，
細胞分裂能を測定する方法として蛍光色素の CFSEを


















Fig. 4. Stimulation index on combination culture of MPA 
and CsA. Stimulation index(SI) gradually decreased with 
the increase of each drug’s dose. Especially on the low dose 
of CsA, SI decreased by using with the low dose of MPA 
together with it, still more on MPA 30ng/ml SI was the same 
as the high dose CsA 500 mg/ml.
Fig. 5. Histogram of cell division with mixed dose of MPA and 
CsA. These histograms are sample results of a combination 
of MPA and CsA. The upper histogram shows a combination 
with the low dose of MPA and the medium dose of CsA. SI is 
40.25. Then the middle histogram shows combined with the 
same low dose MPA and the high dose CsA. The number of 
cell divisions are almost the same, but the number of cells 
decreased, and SI decreased until 19.26. On the other hand, 
The lower histogram shows a combination of the medium 
dose of MPA and the low dose of CsA. The number of cells 
are same, but the number of cell divisions decreased, and SI 
























のMPAトラフ値は 2～ 3 μg/ml程度と報告されて
いる．従って，臨床で投与されているMMF濃度は，
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